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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to calculation of the filing fee, please amend 
the above- identified application as follows: 
IN THE SPECIFICATION : 

Please substitute pages 1 and 2 of the specification 
as originally filed with pages 1 and 2 as filed in the Article 
34 amendment of October 15, 1999. The pages are marked 
"AMENDED SHEET" and are attached hereto. 

IN THE CLAIMS : 
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Peter Andre VAN DER LEY et al . 
Claim 3, line 1, cancel "or 2". 

Claim 4, line 1, change "any one of claims 1-3" to 
- -claim 1- - . 

Claim 5, line 1, change "any one of claims 1-3" to 
- -claim 1- - . 

Claim 6, line 1, cancel "or 2". 

Claim 7, line 1, change "any on of the preceding 
claims" to --claim 1--. 

Claim 8, line 1, change "any one of the preceding 
claims" to --claim 1--. 

Claim 9, line 1, change "any one of the preceding 
claims" to --claim 1--. 

Claim 10, line 1, change "any one of the preceding 
claims" to --claim 1--. 

Claim 11 , line 2, change "any one of claims 1-10" to 
- -claim 1- - . 

Claim 12, line 2, change "any one of claims 1-10" to 
- -claim 1- - . 

Claim 13, line 2, change "any one of claims 1-10" to 
~ -claim 1 - - . 

Claim 14, line 1, change "f claims 11-13" to --of 
claim 11- - . 

Claim 15, line 1, change "any one of claims 11-14" 
to --claim 11--. 

Claim 16, line 2, change "any one of claims 1-10" to 
- -claim 1- - . 
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Summary of the invention 

We found lhat contrary to previous findings with E, coli il is possible to 
inactivate the early stage of lipid A synthesis of mucosal gram negative bacteria without 
compromising cell viability. In particular the IpxA gene in Neisseria meningitidis was 
mutated without compromising cell viability. The resulting IpxA knockout mutants were 
found to be completely LPS-doficient. The major outer membrane proteins (OMPs) were 
detected in normal amounts. Also, in buler membrane could be discerned in electron 
micrographs of ultrathin sections. To our knowledge, this was the first instance of a viable 
Gram-negative bacterial mutant completely lacking in LPS. 



and biogenesis of the outer membrane. On a practical level, the availability of LPS-dcficient 
mutants of pathogenic mucosal bacteria such as N. meningitidis opens up new avenues to 
vaccine development. It enables easy isolation of endotoxin- free purified proteins, outer 
membranes or even whole-cell preparations for use in immunisation. 

Background information 

Lipopolysaccharide (LPS) constitutes the outer monolayer of the outer 
membrane of Gram-negative bacteria. As such it forms an important component of the outer 
membrane and has been considered relevant for vaccine purposes (Verhcul et al, 1993). The 
membrane-anchoring lipid A part is responsible for the well-known endotoxin activity of the 
molecule (Zahringer et af, 1994). 



to be used in vaccines are subjected to rigorous, time consuming and costly purification 
procedures in order to remove this endotoxin activity prior to their being suitable for use as a 
vaccine. This allows higher doses due to reduced toxicity. However, drastic purification 
methods can easily lead to denaturation of protein antigens which need to retain their native 
conformation in order to induce an appropriate'immune response. To date Group A and C 
polysaccharide vaccines are available which have been rendered substantially free of lipo- 
polysaccharide by means of purification. To date however no whole cell vaccines 
substantially free of LPS nor OMP vaccines substantially free of LPS have been produced. 



The finding provides important implications for our understanding of structure 



Such endotoxin activity is undesirable in vaccines. Currently some preparations 
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The isolation of the N* meningitidis IpxA gene involved in 
lipid A biosynthesis has recently been reported (Steeghs et al., 1997)* 
The deduced amino acid sequence of the LpxA protein showed homology to 
the E.coli acyl transferase responsible for adding the 0-linked 3~0H 
5 myristoyl chain to UDP-N-acetylglucosamine, which is the first committed 
step in the lipid A biosynthetic pathway (Anderson and Raetz t 1987; 
Coleman and Raetz, 1988) . Based on this homology and a comparison of the 
E.coli and N .meningitidis lipid A structures it is expected that the 
meningococcal IpxA gene encodes an acyl transferase with 3~0H lauroyl 

10 specificity (Kulshin et al. ? 1992). The basis of the different fatty acid 
specificity might conceivably be located in the characteristic 
hexapeptide repeat motif of these acyl transferases which has been 
determined to play a crucial role in the folding of the E.coli protein 
(Vuorio et al . , 199^; Raetz and Roderick, 1995)* In an attempt to verify 

15 this hypothesis we constructed a hybrid IpxA gene in which the menin- 
gococcal N- terminal B-helix domain containing the hexapeptide repeat 
motif was replaced by the corresponding part of E.coli IpxA* followed by 
transformation and allelic replacement of this construct to N. meningiti- 
dis H44/76. The experimental data for this are provided in the examples 

20 (in particular example 1). 

The results demonstrated that strain H44/76[pHBK30] is a viable 
LPS-deficient mutant. The most likely explanation for this surprising 
discovery seemed to be that the hybrid IpxA gene had become inactive, 
either because of disrupted transcription/ translation in our construct, 

25 or else because the hybrid protein as expressed had lost its enzymatic 
activity. To discern this, we constructed an IpxA knockout mutant. The 
results demonstrated once more that blocking of the lipid A biosynthesis 
pathway in N. meningitidis strain H44/76 leads to viable LPS-deficient 
mutants . 

30 This is the first report of a viable Gram-negative bacterial 

mutant completely deficient in LPS, It has the following implications: 

(1) Surprisingly (in view of the above mentioned view of the 
essential nature of lipidA biosynthesis for cell viability) , it is 
possible for some gram negative bacteria to make an outer membrane 

35 without any LPS yet remain viable. Although our results do not exclude an 
involvement of LPS in the OMP forming process t they do demonstrate that 
it obviously cannot be essential. It should be very interesting to study 
the structure of the outer membrane in the IpxA mutant in more detail. 

(2} In E.coli, all mutations affecting the early steps of lipid 
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A biosynthesis that have been described are lethal when expressed. The 
fact that this is not the case in Meningococci opened up the question 
which organism is typical in this respect, and what causes this differen- 
ce. Conceivably, it is related to a different LPS-OMP interaction, which 
is also suggested by the observation that whereas deep-rough LPS mutants 
of E.coli and Salmonella typhimuxium show a reduced expression of the 
major OMPs {Koplow and Goldfine, 197^; Ames et al.. 197*0. a comparable 
heptose-deficient rfaC mutant of N .meningitidis was found to have normal 
expression of the class 1 and 3 porins (Hamstra and van der Ley, 
unpublished) . 

We postulate that mucosal gram negative bacteria can in an 
analogous manner be mutated thereby becoming free of endotoxic LPS. 
Subsequently enabling development of LPS free whole cell or acellular 
vacines such as OMP vaccines. The basis for this postulation is found in 
the knowledge available to the skilled person concerning the Lipid a 
biosynthesis in mucosal gram negative bacteria. Figure 6 e.g. as derived 
from Raetz 1990 provides a diagram of the early steps in lipid A 
biosynthesis. It reveals the requirement of IpxA and IpxB as enzymes 
required in the early biosynthesis. The enzyme IpxD is also known to be 
involved (Steeghs et al 1997). Knowledge of the nucleic acid sequences 
encoding these genes is available to the skilled person (Steeghs et al 
1997). Subsequently mutating one or more of the genes encoding the 
enzymes involved in the early stages of LipidA biosynthesis is possible. 
Figure 6 shows the early stages; preferably the mutation will arise such 
that no stage leading past the IpxB stage is reached as these products 
already closely resemble Lipid A structure. Preferably the mutation will 
arise as early as possible in the biosynthesis pathway. In most cases the 
genes encoding IpxA, IpxB and IpxD are clustered. Steeghs et al provides 
references disclosing such details for Escherichia coli, Salmonella 
typhimurium, Yersinia enteveocolitica, Haemophilus influenzae and 
Rickettsia Tickettsii, Knowledge of the sequences of these microorganisms 
is thus available to the person skilled in the art and homologous 
sequences in other organisms can be found. Both IpxA and IpxD contain a 
characteristic hexapeptide repeat structure [ ( I , V , L ) GXXXX] n . The IpxB 
gene is generally cotranscribed with IpxA and as such can also be readily 
found. The cluster also comprises the fabZ gene which can also be used to 
ascertain the location of the gene cluster involved in Lipid A 
biosynthesis {Steeghs et al 1997)* Steeghs et al provide the genbank 
number under which the N .meningitidis sequence data concerning the Lipid 



WO 99/10497 



PCT/NL97/00474 



6 

to enhance the immunogenic activity thereof. A number of adjuvants 
commonly used in vaccines are known. Any of these can be suitably 
applied* Any dosage form and additional components commonly used for 
vaccines, in particular meningococcal vaccines is suitable for the 
5 subject invention. 

Particularly suited target microorganisms are diplococci and 
Bordetella pertussis. The diplococci comprise meningococci and gonococci. 
Examples of each category are N. meningitidis and N. gonorrhoeae. Numerous 
other organisms falling within this category are known from Bergeys 
10 Handbook of Determinative Bacteriology. These diplococci are structurally 
closely related and show the same gene structure. Both are interesting 
microorganisms from a vaccination view point as are a number of other 
microorganisms such as Haemophilus influenzae and Moraxella catarrhalis . 

15 Clearly, the construction of IpxA knockout mutants can be 

attempted in other bacterial species known to have LipidA in their 
lipopolysaccharide . 

(3) The availability of LPS-def icient mutants will allow new 
approaches to vaccine development against N .meningitidis and the closely 

20 related pathogen N . gonorrhoeae , as well as any other bacteria as 
mentioned above for which such mutants can be made and isolated. First, 
it will become much easier to purify OMPs or other cell surface 
components without contaminating endotoxin. Secondly the role of LPS in 
meningococcal outer membrane vesicle vaccines, e.g. as adjuvant or in 

25 stabilising OMP conformation {Verheul et al., 1993; Nakano and Matsuura, 
1995; Poolman, 1995) » can now be unequivocally determined and possibly 
taken over by a less toxic compound. Thirdly the use of inactivated whole 
cell vaccines can be investigated using endotoxin -free mutants according 
to the invention such as the IpxA mutants* Finally, the possibility to 

30 use LPS-def icient strains as live attenuated vaccines now arises. 

The exact nature of the invention will be further elucidated 
with the following examples. 

Example 1: Construction of an inactive IpxA gene in N .meningitidis 

35 

In two separate PCR reactions the E.coli and N v meningitidis 
part of the hybrid gene were amplified with the Eprl/Epr2 and Nprl/Npr2 
primer, respectively (fig.l). The inside primers Epr2 and Nprl were 
designed so that the ends of the products contain complementary 
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sequences. These products were mixed, denatured and reannaeled in a 
second PCR in which the fused construct was amplified by the outside 
primers Eprl and Npr2, having an Mlul and Spel site respectively (fig.l). 
The resulting PCR product was cloned and its sequence verified. 

To test the activity of the hybrid IpxA* this gene was used to 
replace the original IpxA in the meningococcal chromosome (fig. 2) * For 
this purpose the 1.0 kb Mlul /Spel fragment carrying the wildtype IpxA 
gene in plasmid pLA19 (a pUCl8 derivative with a 1.9 kb IpxD-fahZ-lpxA 
insert) was replaced by the similarly digested hybrid IpxA gene. Subse- 
quently t a kanamycin- resistance cassette was ligated into the Mlul site 
located directly upstream of IpxA, resulting in the plasmid pHBK30. 

Transformation of N. meningitidis H44/76 with linearized pHBK30 
yielded kanamycin- resistant colonies after 24 hours of incubation. These 
mutants died when transferred to fresh GC plates with kanamycin (100 
ug/ml) . 

By reducing the kanamycin concentration and screening of the 
resulting colonies by PCR amplification of IpxA hybrid-specific fragments 
we finally succeeded in the isolation of viable kanE- H44/76[pHBK30] 
transformants in which the chromosomal IpxA gene had been replaced by the 
hybrid construct as shown in fig. 2. 

LPS of the H44/76[pHBK30] mutant and the wildtype strain was 
compared by Tricine-SDS-PAGE followed by a silver stain for carbohydrates 
(fig. 3). Surprisingly, no LPS could be detected in the hybrid derivative 
by this method, even when higher amounts of cell lysates were loaded on 
the gel. 

To get more insight into the structure of the outer membrane of 
H44/76[pHBK30] a panel of LPS and OMP specific mAbs was tested in a whole 
cell ELISA (Table 1). The mutant strain did not bind any of the LPS- 
specific mAbs, whereas the OMP-specific mAbs showed similar binding 
patterns for mutant and wildtype. This apparent OMP similarity was 
confirmed when OMCs of H44/76[pHBK30] and H44/76 were isolated and 
analysed by SDS-PAGE (fig. 3)- Both strains show equal amounts of the 
class 1, 3 and 4 OMP; in contrast to the wildtype, the mutant apparently 
also expresses a class 5 OMP. 

Since LPS of H44/76[pHBK30] could not be detected with any of 
the methods described above, it became questionable whether it was 
present at all. Therefore, the mutant and wildtype strain were tested in 
a chromogenic Limulus (LAL) assay, with meningococcal medium as a 
negative control. This assay depends on activation of the clotting enzyme 
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cascade in amoebocyte lysate prepared from the horseshoe crab and is 
capable of detecting picogram quantities of endotoxin. The results of the 
LAL assay on cell suspensions showed no significant endotoxin activity 
for H44/76[pHBK30] over meningococcal medium (0.3 and 1*7 EU/ml, 
respectively), in contrast to 21.7x10* EU/ml for the wildtype. 

Taken together, these results demonstrate that the initial 
attempt to replace the wildtype IpxA gene with the hybrid construct 
resulted in the isolation of what was apparently an LPS-def icient mutant. 
This was further confirmed by gas-chromatography/mass-spectrometry (GC- 
MS) analysis of fatty acids present in OMC preparations, which showed 
that the lipid A-specific 3-OH C12 was present only in trace amounts in 
the mutant. As this fatty acid is added in the first step of lipid A 
biosynthesis, its absence demonstrates that the mutant is truly LPS- 
deficient and not just making some incomplete precursor molecule with no 
antibody binding or LAL assay activity. 

Although H44/76[pHBK30] is fully viable, a reduced growth rate 
compared to the wildtype strain was apparent. When grown overnight on GC 
agar plates, the mutant strain produced much smaller colonies; in liquid 
medium the doubling time during exponential growth was approximately 50% 
higher than in wildtype strain H44/76. 

The morphology of H44/76[pHBK30] and its parent strain was 
examined by electron microscopy of ultrathin sections. In contrast to the 
wildtype, cells of H44/76[pHBK30] were more heterogeneous in size and a 
significant fraction showed signs of lysis. However, the outer membrane 
could be clearly discerned in the LPS-def icient mutant (fig. 5)* In 
contrast to the somewhat "baggy" appearance in the wildtype, the outer 
membrane of the mutant showed a "tighter fit", possibly indicating a 
lowered rate of synthesis. 

Example 2: Construction of an IpxA knockout mutant 

An IpxA knockout mutant of N .meningitidis was constructed by 
inserting a kanamycin- resistance cassette into the BstEII site located at 
position 293 within the IpxA gene of plasmid pLA21 (a pUCl8 derivative 
with a 2.1 kb IpxD-fabZ-lpxA insert). The resulting plasmid pLAK33 was 
digested with Xbal/SacI and transformed to strain H44/76 with selection 
for kanamycin-resistance. As expected, the resulting colonies showed the 
same growth properties as the H44/76[pHBK30] mutant, indicating the lack 
of LPS. This was confirmed by a whole cell ELISA in which the IpxA 
knockout mutant did not bind any of the LPS-specific mAbs . These results 
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demonstrated once more that blocking of the lipid A biosynthesis pathway 
in N. meningitidis strain H44/76 leads to viable LPS-deficient mutants* 

Detailed description of the methods and strains used in the examples. 
5 Where no specific details are provided standard technology has 

been applied. Where references are provided the content thereof is to be 
considered incorporated herein* 



Bacterial strains and plasmids 

10 The E.coli strains NM522 and INVaF * were grown on LB medium at 

37°C» The N .meningitidis strain H44/76 and its derivatives were grown at 
37 °C on GC medium base (Difco) supplemented with IsoVitaleX (Bee ton 
Dickinson) in a humid atmosphere containing 5% C0 2 * or in liquid medium 
as described (van der Ley et al. ♦ 1993) • For selection of meningococcal 

15 transformants (van der Ley et al., 1996) kanamycin was used in a 
concentration of 75~100 pg/ml. With E.coli, antibiotics were used in the 
following concentrations: ampicillin, 100 ug/ml ; kanamycin, 100 pg/ml* 
For cloning of PCR fragments, the TA cloning kit with the vector pCRII 
(Invitrogen) was used. Another vector used was pUCl8. 

20 

Recombinant DNA techniques 

Most recombinant DNA techniques were as described in Sambrook 
et al. (1989). Plasmid DNA was isolated using the pLASmix kit (Talent). 
The polymerase chain reaction (PCR) was performed on a Perkin Elmer 
25 GeneAmp PCR system 96OO with Taq polymerase. Sequence analysis was 
performed with an Applied Biosys terns automatic sequencer on double- 
stranded plasmid DNA templates (isolated with Qiagen columns) and with a 
cycle sequencing protocol. 



30 LPS analysis 

Tricine-sodium dodecyl sulphate polyacrylamide gel 
electrophoresis was performed in 4% stacking and 16% separating gels as 
described by Lesse et al. (1990). Proteinase K-treated, boiled bacterial 
cells were used as samples. The gels were run for 17 h at a constant 
35 current of 20 mA t and silver stained by the method of Tsai and Frasch 
(1982). The chromogenic LAL assay for endotoxin activity was performed 
using the QCL-1000 kit from BioWhittaker Inc. ( Walkersville , MD , USA) 
according to the instructions of the manufacturer. Overnight cultures 
were diluted in meningococcal medium to an 0D at 620 nm of 0.1, and 
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serial dilutions of these stocks were used as samples in the LAL assay. 
For fatty acid analysis by GC-MS, OMC samples were acetylated for 3 n at 
90°C in pyridine and acetic acid anhydride in order to completely 
dissolve the LPS, The samples were subsequently heated for 3 ^ at 65°C in 
tetrahydrofuran in the presence of LiAlH* to reduce the 0-linked fatty 
acids to the free alcohols. These were derivatized to TMS-ethers for 1 h 
at 60°C with BSTFA + 1% TMCS in pyridine, and analyzed by GC-MS on an 
Autospec (Micromass, Manchester, UK) in the electron impact mode. The 
amount of 3-OH C12 in the samples was quantified using 2-OH C12 as 
internal standard. 



Characterization of OMP composition 

Binding of mAbs specific for class 1, 3 and 4 OMPs and for the 
oligosaccharide part of immunotype L3 LPS was tested in a whole-cell 
ELISA {van der Ley et al., 1995 > 1996). Isolation of OMCs by sarkosyl 
extraction and their analysis by SDS-PAGE were done as described 
previously (van der Ley et al. , 1993)- 



LEGENDS TO THE FIGURES 

Figure 1. Construction of H44/76[pHBK30] . Two-step PCR mutagenesis 
leading to the hybrid IpxA gene, with E. co I i- specif ic primers Eprl (ACT- 
GACGCGTGTG ATTGATAAATCCGC ) seq. id. nr. 1 and Epr2 
( GTAGGGCGGC ACGTCCTGCGCC AC ACCGGA ) seq. id. nr. 2 and N. meningitidis- 
specific primers Nprl (TCCGGTGTGGCGCAGGACGTGCCGCCCTAC ) seq. id. nr. 3 and 
Npr2 (CGGCCGCTCTAGAACTAGTGGATCA) seq. id. nr. 4. 

Figure 2. Construction of H44/76[pHBK30] . Replacement of the chromosomal 
IpxD-fabZ-lpxA locus with the pHBK30 insert, carrying in addition to the 
E.colt-N .meningitidis hybrid IpxA gene a kanB selection marker instead of 
the 99 bp region between the Mlul site in fabZ and the start codon of 
IpxA . 

Figure 3. SDS-PAGE analysis of H44/76[pHBK30] . Silver-stained Tricine- 
SDS-PAGE LPS gel of proteinase K-treated whole-cell lysates of H44/7& 
(lanes 1 and 8) and six independent kanamycin-resistant transf ormants 
with pHBK30 (lanes 2-7). 

Figure 4. SDS-PAGE of OMC proteins from H44/76[pHBK30] (lane 2) and 
H44/76 wildtype (lane 3); lane 1 contains a molecular weight marker of 
94 f 67, 43, 30, 20.1 and 14.4 kDa. 



Figure 5. Electron micrograph of an H44/76[pHBK30] thin section, showing 
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the presence of the outer membrane in the absence of LPS. 
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CLAIMS 



1. Gram-negative mutaul of a mucosal bacterium, comprising a mulaiion such that 
it is viable, is capable of"OMP formation and lacks endotoxic lipopolysaccharidc (LPS), the 

5 mutant being free of LPS. 

2. Gram-negative mutant according to claim I comprising a mutation such that it 
is free of Lipid A. 

10 3. Gram-negative mutant accorciiilg to claim 1 or 2, said bacterium being selected 

from the group comprising diplococci. 

4. Gram-negaiive mutant according to any one of claims 1-3, said bacterium being 
selected from the group comprising gonoeoeci, e.g. N. gonorrhoeae. 

lb 

5. Gram-negative mutant according to any one of claims 1-3, said bacterium being 
selected from the group comprising meningococci e.g. N. meningitidis. 

6. Gram- negative mutant according lo claim 1 or 2, said bacterium being selected 
20 from the group comprising IlordcteHa, e.g. Hordetella pertussis. 

7. Gram-negative mutant according to any on of the preceding claims, said mutant 
comprising a mutation in at least one gene associated with Lipid A biosynthesis. 

2 5 8. Gram-negative mutant according to any one of the preceding claims, said 

mutant comprising a mutation in at least one gene associated with the early stage of Lipid A 
biosynthesis, said early stage being prior to formation of the following structure 
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{ ). ( iram-negative mutant aecoiding to any one of the preceding claims, said 

mutant comprising a mutation in at least one gene selected from the group comprising IpxA, 
IpxD and IpxB. 

5 10. Gram-negative mutant according to any one of the preceding claims, said 

mutant comprising a mutation in at least the gene IpxA. 

11. Attenuated live vaccine against a gram-negative mucosal bacterium, said 
vaccine comprising a mutant according to any one of claims 1-10 as an active component 

10 and a pharmaceutical^ acceptable carrier. 

12. Whole cell vaccine against a gram-negative mucosal bacterium, said vaccine 
comprising a mutant according to any one of claims 1-10 as an active component and a 
pharmaceutical^ acceptable carrier. 

115 

13. OMP vaccine against a gram-negative mucosal bacterium said vaccine 
comprising OMP derived from a mutant according to any one of claims 1-10 as an active 
component and a pharmaceutical^ acceptable carrier. 

20 14. Vaccine according to any one f claims 11-13 further comprising an adjuvant. 

15. Vaccine according to any one of claims 11-14 said vaccine being substantially 

free of endotoxic LPS, wherein substantially free is defined as LPS- free according to the 
Limulus assay. 

2b 

U). A method of producing LPS-frce vaccine comprising application of a mutant 

according to any one of claims 1-10 and/or a part derived from said mutant as active 
component of a vaccine in a manner known per se for preparing vaccine formulations, said 
method being free of measures to remove LPS by purification. 

30 

1 7. A method of producing LPS-free OMP comprising culturing a mutant according 

to any one of claims 1-10 and deriving an OMP comprising fraction from said culture in a 
manner known per se for isolating protein from bacterial cuture, said method being free of 
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